The climatic variability hypothesis posits that the magnitude of climatic variability increases with latitude, elevation, or both, and that greater variability selects for organisms with broader temperature tolerances, enabling them to be geographically widespread. We tested this classical hypothesis for the elevational range sizes of more than 16,500 terrestrial vertebrates on 180 montane gradients. In support of the hypothesis, mean elevational range size was positively correlated with the scope of seasonal temperature variation, whereas elevational range size was negatively correlated with daily temperature variation among gradients. In accordance with a previous life history model and our extended versions of it, our findings indicate that physiological specialization may be favored under shorter-term climatic variability.
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C hanges in patterns of climatic variability with global warming are progressively more conspicuous (1) . Increasing seasonal variability and asymmetric changes of daily maximum and minimum temperatures have altered the thermal environment that organisms experience (2) (3) (4) . So far, little is known about how species respond physiologically to climate variation (5, 6 ), yet these responses are crucial for survival in an era of rapid climate change. The climatic variability hypothesis suggests that organisms experiencing higher thermal variability, and thus having broader physiological thermal tolerances, tend to be geographically widely distributed as a consequence (7) . This hypothesis is regarded as a broad macrophysiological principle, as it brings together climate patterns and mechanisms of adaptation to explain macroecological phenomena (8, 9) . Although species face environmental fluctuations on the scale of hours to days to years to decades and beyond, how the interplay between climatic variability at these various temporal scales contributes to shaping the evolution of species' physiological traits and geographical range sizes has rarely been addressed.
Consideration of how species range size relates to climatic variation has deep roots (10). Janzen (11) explained that "mountain passes are higher in the tropics" because species inhabiting tropical mountains experience relatively lower seasonal variation in temperature than species at comparable elevations at higher latitudes and may therefore evolve narrower physiological tolerances. Temperature gradients in tropical mountains thus become effective dispersal barriers and result in relatively smaller elevational range sizes (11, 12) . Stevens went on to propose Rapoport's rule, which postulates a positive correlation between species range size and latitude or elevation, suggesting that climatic variability may be the underlying mechanism (13, 14) . Empirical support for these components of the climate variability hypothesis has been equivocal (15) (16) (17) , partly due to the use of latitude or elevation as a rough proxy for climatic variability (18) (19) (20) (21) . Previous studies often neglected considerable variation in climate components within latitudes (22) , as well as associated distinct biological influences.
Here we assess how climatic variability on contrasting temporal scales-seasonal and diurnalinfluences the elevational range size of terrestrial vertebrates across the world. We obtained data for climatic variables potentially associated with species range size from CRU TS2.1 and other open sources (23) (table S1) and adopted McCain's carefully vetted database of elevational range size for 16,592 species of rodents, bats, birds, lizards, snakes, salamanders, and frogs on 180 montane gradients spanning from 36.5°S to 48.2°N latitude (19) (fig. S1 ). We calculated mean elevational range size for each taxonomic group on each gradient. These means, not individual ranges, formed the basis for all analyses and are henceforth referred to simply as "elevational range size."
We first applied hierarchical partitioning (24) to select the environmental and geographic variables with the highest explanatory power for elevational range size. The nine variables retained were daily temperature maximum, diurnal temperature range (DTR), mean annual temperature, seasonal temperature range (STR), minimum and maximum monthly mean temperature, mean annual precipitation (MAP), latitude, and mountain height ( fig. S2 ). We then applied structural equation modeling (SEM) (25) to assess the relationships among these variables in explaining range size. SEM is capable of including non-mutually exclusive hypotheses in a system of relationships (25) and, hence, is particularly suitable to structure the multiple pathways of highly correlated climatic variables that shape elevational range size (23) (fig. S3 ).
On the basis of the preliminary hierarchical partitioning and subsequent SEM analysis, we found that latitude alone explained little of the variation in elevational range size (Fig. 1, A and  B ), in accord with other studies that used latitude as a proxy for climatic variability (15, 17, 19) . However, when we considered all possible combinations of proxies, drivers, and relevant climate components, the final model retained latitude, MAP, STR, and DTR as the best model (Fig. 1 , A and C). In this model, STR had a significantly positive relationship with elevational range size for our vertebrate data set (correlation coefficient R = 0.29, probability P = 0.006) (Fig. 1A and table  S3 ). Not surprisingly, latitude had a strong and significant positive relationship with STR (R = 0.88, P < 0.001) (Fig. 1A and fig. S4A ) and thus indirectly influenced elevational range size through its effect on STR in the model. Together, these results support the climate variability hypothesis and corroborate previous results (11, 12, 19) .
However, elevational range size had a significantly negative relationship with DTR (R = -0.25, P = 0.012) (Fig. 1, A and D) . Moreover, DTR and STR are each negatively correlated with MAP (fig. S4, D and E; R = -0.54, P < 0.001 and R = -0.07, P = 0.025, respectively; panels A, B, and C in fig.  S4 display the global patterns between each climatic factor and latitude). In contrast, MAP showed only a weak correlation with elevational range size itself (Fig. 1E) . S5 ), the structured relationships remained robust, except that the effect of STR became insignificant in one model variant.
In our analysis, latitude and MAP emerged as the geographical and environmental factors that indirectly shape elevational range size through their influence on climatic variability (DTR and STR). We used a stationary bootstrap method to assess whether STR and/or DTR is more explanatory than expected at random along latitude and MAP gradients (23) . We found that MAP gradients, but not latitude, influenced the relative importance of DTR versus STR with regard to the elevational range size (Fig. 2, A and B) . The explanatory power of MAP was generally higher than random expectation along the precipitation gradient, whereas latitude showed considerably less deviation from random expectations. Because precipitation influences global energy flow through its correlation with cloudiness and latent heat flux, MAP has been identified as a dominant factor governing Earth's thermodynamics (26) . At lower precipitation levels, DTR was the dominant influence on geographic variation in mean elevational range size, whereas STR dominated at moderate precipitation levels. At high precipitation levels, the effects of both DTR and STR were diminished (Fig. 2A) . This complex relationship was generally concealed when the proxy approach was directly applied. As shown by the blue lines in Fig. 2, A and B, the locally weighted scatterplot smoothing (LOESS) lines for elevational range size did not respond noticeably to either gradient.
Our structural equation model demonstrated that STR and DTR have opposite effects on species elevational range size. Although organisms must evolve to survive all conditions that they experience (tolerance range), they can nonetheless focus reproductive activity on a narrow range of conditions (optimum performance range), as long as they experience those conditions often enough within their life span (27) . Using a phenotypic optimality model, Gilchrist (27) demonstrated that greater among-generation temperature variation should favor a wider performance range (thermal generalists), whereas a narrower performance range (thermal specialists) will be favored by selection when within-generation temperature variation is great. Recent empirical studies also show that the scope of tolerance range limits for motor function and survival, as determined experimentally, may be a poor predictor of elevational range size for thermal generalists (28) .
Nevertheless, because Gilchrist's model focused on within-and among-generation environmental variation, an organism's life span should have a pronounced influence on the evolution of thermal performance range. Thus, it is perhaps surprising to see the strong relationships among STR, DTR, and range size for the vertebrate species in our analysis, given that most have multiyear generation times. We therefore extended Gilchrist's approach to general forms of environmental variation to investigate the expected effects of longer-and shorter-term environmental variations on the expected evolution of performance range (23) (figs. S6 to S9). We found that Gilchrist's principal predictions still hold, even when we replaced among-and within-generation variations with a more general form of longer-and shorter-term variation, respectively. This result arises simply because longer-term variation (including STR) occurs more frequently among generations than within generations, whereas shorter-term variation (e.g., DTR) tends to occur within generations (23) . Moreover, we found that average STR was highly correlated with multiyear temperature variation (R = 0.87, P < 0.001) (23) (fig. S10) . Together, these results help to explain the important roles of STR and DTR in shaping the elevational range sizes of the vertebrate species in this study.
In addition, taxon-specific analysis showed that MAP and DTR synergistically shape elevational range sizes of rodents and birds (but not bats, the third endotherm group considered), with increasing range size associated with greater MAP (fig. S11 ). For endotherms, water availability is crucial for evaporative cooling in a hot environment (29) . The role of water in adaptation to cold remains largely unexplored in ecological studies, but water may be important in blood circulation and metabolic heat (30) . Further studies of the relationship between water availability and shorter-term temperature variation could prove fruitful, especially for endotherms, including bats (see supplementary text and fig. S12 ). On the basis of our empirical and modeling results, we propose a new macroecological principle. Introducing temporal scale offers a new perspective on the physical influence of climatic variability. STR dominates the thermal profile at high latitudes in the Northern Hemisphere, whereas tropical areas with high amounts of rainfall weaken the contrast between DTR and STR (Fig. 3) . DTR dominates the majority of the rest of the land surface, including arid land masses, mountainous areas, and most of the terrestrial Southern Hemisphere (Fig. 3D) . We conclude that the relevance of each climatic factor to the range size of species should be carefully evaluated for organisms of different taxonomic groups, characterized by different generation times and thermoregulatory systems.
Our study may have implications for understanding biological responses to climate change. For example, tropical species are expected to be thermal specialists because they are adapted to low STR (5, 6) . Nevertheless, because of their adaptation to higher DTR, both tropical and temperate montane species (of some groups) may be thermal specialists and, thus, vulnerable to changing climates. 
